In a previous publication (Templeman & Sexton 1944) it was demonstrated th at certain concentrations of a number of synthetic growth substances prevented germination or seriously restricted seedling growth of some plant species and produced no effect on others. In addition to the effects described in the previous paper (Templeman & Sexton 1944) , which were concerned largely with materials known to affect the extension growth of cells, the responses to substances known to interfere with nuclear division in plants have been investigated. Colchicine is perhaps the best known substance of this type and there is now a very wide literature dealing with it; chloral hydrate (Blakeslee 1937; Gavaudan & Gavaudan 1939 a; Shigenaga 1937) , acenaphthene (Gavaudan, Gavaudan & Durand 1938 a, b; Kostoff 1938 a, b; Nebel 1938; Shmuck 1938; Schmuck & Gusseva 1939, 19406; Schmuck & Kostoff 1939 ) and a number of other materials have been shown by several authors (Favorsky 1939; Gavaudan & Gavaudan 1939 Gavaudan, Gavaudan & Durand 1939 a, 6, c, d; Schmuck & Gusseva 1940 a; Simonet & Guinochet 1939) to arrest or interfere with mitosis. Lefevre (1939) has described the effects of ethyl phenylcarbamate ('pheny lure th an e') upon wheat seedlings. He considers the effects to resemble those described for colchicine-i.e. morpho logically, bulbous hypertrophies of the coleoptile, the mesocotyl and the root tip with progressive slowing down or even final arrest of growth (manifestations greatly accentuated in seedlings treated before germination); and cytologically, blocking of mitoses in pseudo-metaphases to lead more or less gradually to an irregular formation of monstrous restored nuclei which are deformed, plurilobed or multiple.
During a series of preliminary experiments with cereal seeds and seedlings ethyl phenylcarbamate arrested growth at lower concentrations than colchicine, chloral hydrate or acenaphthene. Therefore attention was concentrated on arylcarbamic esters as a type, and this paper records observations made with arylcarbamic esters ('arylurethanes') of the general formula Aryl NH.COO alkyl, together with certain related types including substances where the oxygen atoms are replaced by sulphur.
I . P r e l i m i n a r y e x p e r i m e n t s
The effect of ethyl phenylcarbamate upon the germination and seedling growth of cereals was first noticed in an experiment carried out in December 1940. This compound was applied at a rate corresponding to 25 lb./acre to boxes in which spring oats and yellow charlock ( B r a s s i c aV is.) had been sown in The application was made immediately following seed sowing, and was sprayed in aqueous solution at a rate equivalent to 100 gal. of solution per acre. The charlock germinated and grew normally as in the controls which were untreated, but the oats showed an interesting effect. The seeds germinated and the first leaf appeared through the soil; then, however, growth was arrested-the first leaf ceased to grow in length, but it and its leaf base became very much thickened and no further leaves appeared. Root growth apparently ceased, and after remaining in this static condition for some time the seedlings eventually withered and died.
In a second experiment ethyl phenylcarbamate was applied again as an aqueous spray, but this time at rates equivalent to 1, 5, 10 and 25 lb./acre. Here the charlock was unaffected except that its germination was reduced by 25 lb./acre, but the effect on the oats was obtained with all the rates of application used. Once the growth of the oats was arrested it was never resumed and the seedlings succumbed. The marked effect of the lowest rate of application (10 mg./sq.ft.) indicated this substance to have marked physiological activity.
Later experiments showed that other cereals-barley, wheat, rye-were similarly affected as was perennial ryegrass, but that mangolds, sugar beet and potatoes were unaffected at the concentrations used. If the cereal crop was allowed to become established before the ethyl phenylcarbamate was applied to it, the damaging effect was less in amount but was still appreciable, and once the growth of even an established plant was completely arrested it did not subsequently renew growth.
The nature of this effect upon cereal seedlings as described also by Lefevre (1939) was very similar to that which is brought about by colchicine, by chloral hydrate and by acenaphthene. The relative activity of ethyl phenylcarbamate and these substances was therefore investigated. For instance colchicine at 25 lb./acre had no effect whatsoever on oats but did result in short, thick, stunted charlock plants.
In several experiments in soil, colchicine was without effect on cereal seedlings and acenaphthene behaved similarly. Chloral hydrate diminished germination and stunted seedling growth of cereals, but larger amounts were required than of ethyl phenylcarbamate to bring about similar effects. Under laboratory conditions where oat seed was placed upon filter paper, maintained moist with the appro priate solutions, germination was retarded by 10-50 p.p.m. of the ethyl phenyl carbamate and completely inhibited by higher ones, whilst there was no shoot growth even at 10 p.p.m. For chloral hydrate 50 p.p.m. retarded shoot growth and 200 p.p.m. practically inhibited it.
From these preliminary results it was evident that ethyl phenylcarbamate was an extremely active compound toward cereal seeds and seedlings, and this led to the further chemical and biological investigation mentioned above.
II. P r e p a r a t i o n o p c o m p o u n d s (a) Arylcarbamic esters ('arylurethanes')
Two general preparative methods have been employed: (i) interaction of the primary aromatic amine with the appropriate chloroformic ester, and (ii) inter action of phenylisocyanate with the appropriate alcohol. The compounds were purified either by crystallization or, in the case of liquids, by distillation.
The following substances have already been described in the literature, and their identity was confirmed by their physical characteristics: 
(c) Miscellaneous compounds
Some of the compounds were already available and were examined for the reasons indicated below. Aniline and naphthylamine were tested to see whether the effects observed were mainly a function of the arylamino radicle or whether they were due to the molecule as a whole. Urethane itself, NH 2.COOC2H 5, and 'methylurethane', NH 2.COOCH3, were tested for the same reason. Formanilide was tested because of its formal relation to phenylcarbamic acid and the arylsulphamic acids (made from the arylamines and chlorsulphonic acid), because of the analogy with the arylcarbamic acids. N : N-Di(carboethoxyanilme), C6H 5N(COOC2H 5)2, was prepared in order to see whether the introduction of a second -COOC2H 5 group had any effect on the biological activity. The two wellknown hypnotics c Sulphonal ' and ' Trional ' were tested to see how far the effects on seed germination were parallel to hypnotic activity.
Differential effect of synthetic growth substances upon plant species 483 III. Biological experiments
The compounds whose preparation was described in the previous section were examined for their effect upon oats in two ways. In the laboratory, oats have been germinated on filter paper kept moist with an aqueous solution of the test substance of concentrations up to 200 p.p.m. In boxes of soil, the test substance has been applied in sand immediately following the sowing of the seed at rates equivalent to 1-25 lb./acre. As a result of these tests a number of compounds have shown the property of preventing the germination of cereal seeds or of arresting seedling growth and causing thickening and malformation of the coleoptile and first leaf together with restriction of root growth when used in very low concentrations or amounts.
The compounds which have been discovered to be active in this way so far are listed below with some indications of their relative activities:
(1) isopropyl phenylcarbamate (2) ethyl phenylcarbamate ) (3) N : N-Di(carboethoxyaniline) [ (4) allyl phenylcarbamate (5) methyl phenylcarbamate (6) ethyl-o-chlorophenylcarbamate -(7) w-propyl phenylcarbamate (8) chloral hydrate I (9) ethyl phenylthiocarbamate j (10) methyl phenylthiocarbamate ) ethyl-o-methoxyphenylcarbamate | (11) w-butyl phenylcarbamate the most active about one-third as active as (1) slightly less active than (2) and (3) less active than (2) and (3) less active than (5), (6) and (7) slightly active very slightly active All the other compounds mentioned above were found to be inactive under the conditions of the experiments.
The isopropyl phenylcarbamate was thus proved to be an outstandingly active material. Under the somewhat artificial conditions of the greenhouse a rate of application equivalent to 1 lb./acre was sufficient completely to inhibit the growth of cereal seeds or seedlings. The following table gives the results of a laboratory experiment in which oat seeds were subjected by immersion to different concentra tions of isopropyl phenylcarbamate in aqueous solution for different periods, rinsed and then put to germinate on filter paper maintained moist with distilled water. The times of treatm ent by each concentration to bring about the stated effects are given. Whilst the results quoted clearly indicate the effects on the cereal species one of the objects of this research was to determine whether ethyl phenylcarbamate and related compounds had different effects upon different plant species. Actual experiments showed th at concentrations of ethyl phenylcarbamate and isopropyl phenylcarbamate which have very distinct effects on cereals are without effect on sugar beet, potatoes, mangolds, flax, rape and yellow charlock. I t is not proposed to enter here into a discussion of either the nature of the biological effects or of the variation in activity of the compounds with changes in chemical structure. Many more experiments have already been carried out and are continuing which will extend these preliminary observations. A previous com munication (Templeman & Sexton 1946) detailed some synthetic substances which depressed the germination and growth of a number of dicotyledonous species at concentrations which had relatively little effect on grasses and cereals. The work described in this paper, however, with a different type of compound has given the reverse effect-the cereals being most readily destroyed with the dicotyledonous plants more resistant. The nature of the effect and the reasons why graminaceous plants are most susceptible to it are not yet clear, but since colchicine in higher concentrations does produce similar morphological changes in cereal seedlings, it is reasonable to anticipate th at Lefevre's observations of disorganized mitosis will be confirmed for ethyl phenylcarbamate and th at the more active isopropyl phenyl carbamate will be found to act in a similar way. The abnormal cereal seedlings reported by a number of workers (Brett & Dillon Weston 1941; Dillon Weston & Booer 1935; Dillon Weston & B rett 1940; Kostoff 1939 Kostoff , 1941 Nole 1938; Schwarz 1940) as the result of overdoses of organic mercury seed dressings appear to be similar to those which have been obtained in the experiments described in this paper. It remains to be seen whether all the compounds which give the morpho logical effect are also active in inducing polyploidy.
Two types of series of compounds have thus emerged with very different effects upon different species brought about by very low concentrations. It is proposed to investigate further these observations both cytologically and physiologically for a range of plant species since they may serve as useful additional approaches to the more fundamental aspects of plant growth. 
